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The relatively high spontaneous back-mutation frequencies of two pseudoallelic, recessive, sex-linked forked bristle (f) mutants in Drosophila melanogaster suggested that they might provide critical information bearing on the question of induced reverse mutation following X-ray or gamma treatments. These mutants, f3n and f', were found to back-mutate spontaneously in females at rates of 46.7/106 (14/ 298,698) and 15.3/106 (7/457,316) chromosomes, respectively.' By design, attached-X 9 9 of genotypes v f'ncar and v f1B were treated with 4,000 r X-rays or gamma, and reversals were sought among their female progeny. The use of attached-X 9 9 permits the scoring of two treated chromosomes for each 9 zygote. Adult females 0-48 hours old were irradiated with either 4000 r X-rays delivered from a General Electric "Maxitron" machine operated at 30 m.a. and 100 KVP (rate ca. 1,000 r/min.) or 4,000 r gamma delivered from a Co60 source (rate 265,000 r/hour).3 Treated 9 9 following mating to fl c d' were allowed to oviposit for 7 days and transferred to fresh media for a second 7-day interval. Partial and complete f reversals were sought among F, 9 9. All 9 9 showing phenotypic reversals were progeny-tested by crossing to e sibs. Progeny tests were obtained on all 9 9 discussed herein.
The results of these experiments, listed in Table 1 , represent summations of three separate X-ray treatments of v f'ncar 9 9 and two of v f1B 9 9, together with two separate gamma treatments of v f"ncar 9 9 and one v f'B 9 9. The reversals recorded were all complete and phenotypically inseparable from wild-type. All bred true on progeny-testing. Although a number of partial reversals were recorded, none bred true. A comparison of the induced and spontaneous rates of reversals shows that 4,000 r X-rays increased f3n reversals seven fold, whereas equivalent gamuma irradiation somewhat more than tripled the reversal frequency. There is little doubt that radiation at the dose given significantly increased the reversal frequency.
The experiments with fl show that no comparable significant increase in reversal frequency followed irradiation. Admittedly, the less extensive nature of these experiments permit only a tentative conclusion.
Incidental to scoring f reversions, flies were also scored for possible reversions of v, car, and B. No reversals of v or car were found. At least one partial reversal of B was found, and this is not unexpected, since induced partial and full reversions of B have been recorded.
By progeny-testing reversal 9 9, two relevant questions can be answered: (1) whether one or both treatedf mutants reverted following irradiation and (2) whether gross chromosomal rearrangements are causally associated with reversion. The occurrence of crossing over in attached-X 9 9 provides answers to both questions.
If but one f mutant reverted following irradiation, then the unaltered f should be recovered in homozygous condition as a consequence of nonreciprocal crossing over between the f locus and the centromere. If no gross chromosomal rearrangement occurred, the frequency of homozygosis of the unaltered f mutant should equal onefourth the standard frequency of crossing over betweenf and the centromere.
Without presenting the extensive data, the following conclusions can be made.
First, homozygous f3f or fl 9 9 were recovered among the progeny of all reversals, proving that only one of the two treated f alleles reverted. Second, in each case the frequency of homozygosis was consistent with the interpretation that crossing over between the f locus and the centromere was unencumbered by any gross chromosomal rearrangement. Ample evidence has accumulated to warrant the conclusion that Drosophila cells in different stages of spermatogenesis differ significantly in their sensitivity to Xirradiation.4 A similar situation during o6genesis is indicated by studies of induced dominant and recessive lethals.5 Following X-irradiation. the frequency of dominant and recessive lethal drops sharply after the seventh day of oviposition, presumably because the supply of mature o6cytes exposed at the time of treatment have been replaced by cells that were younger (o6gonia) at that time. Since dominant lethals are, in all probability, associated with chromosomal rearrangements, it follows that the maturer cells are more prone to induction of rearrangements than are younger cells. Hence a comparison between reversion rates during the two oviposition periods could demonstrate whether or not reversions are associated with chromosomal rearrangements.
A consideration of the f3n reversions induced by X-rays shows that the rates for the first and second weekly egg-laying intervals are essentially identical. For the first week, 8 reversions/29,452 chromosomes were recorded; for the second week, 30/86,322. The rates computed per 106 chromosomes are 271.6 versus 347.5 and appear not to be significantly different. This comparison supports the conclusion stated earlier that the reversions appear to be independent of chromosome rearrangement. If such an association exists, a preponderance of reversions would be expected among the progeny of the first 7-day egg-laying interval. The data suggest that perhaps most, if not all, of the reversions are induced in young o6cytes or oogonia. Among D. melanogaster females -48 hours old, the majority of ovarian cells at the time of treatment will be at the o6gonial or early oocyte stage of development. Exposure to 4,000 r X-rays or gamma should induce dominant lethals in most mature oocytes, thereby leaving only the viable oogonia and young o6cytes eligible for reversions. If the latter cells are the primary source of reversions then, as observed, no difference is expected in rate between the consecutive egg-laying intervals.
The question of whether the phenotypic reversion of recessive mutants to wild type or near wild type is in fact back mutation has been discussed in extenso elsewhere in connection with the problem of spontaneous back mutation.1 The arguments militating for spontaneous back mutation as a specific change or alteration of a particular mutant gene apply equally well for the radiation-induced reversions of fan reported here and need no further comment. In short, these results amplify results based primarily on partial reversions in Drosophila6 and of reversions in Neurospora7 that X-rays and gamma rays can induce back mutations which, insofar as current criteria permit, do not differ from spontaneous back mutations.
Summary.-Drosophila melanogaster 9 9 homozygous for one or the other forked pseudoalleles, f3n and fl, both known to back-mutate spontaneously, were irradiated with 4,000 r X-rays or gamma rays.
Back mutations of f3n were significantly increased; those of fl apparently not.
The back mutations are not associated with detectable chromosome alterations. 1 M. M. Green, Genetica, 29, 1-38, 1957 .
In studies of specific locus mutation rates in mouse spermatogonia, a much lower mutation rate was obtained from chronic gamma than from acute X-irradiation.1 -4 Differences in both intensity (dose rate) and quality of radiation were involved in the comparison, but it was pointed out2 that, although gamma rays frequently show a biological effectiveness somewhat lower than that of X-rays, the observed difference between the mutation rates appeared to be greater than could be attributed to this factor. This point of view has since been confirmed by three separate experiments conducted to test it.4 In these experiments, no appreciable differences were found in the effectiveness of acute gamma rays (from Co60), on the one hand, and acute X-rays, on the other, in inducing dominant lethals in spermatozoa, specific
